Understanding the gender differences in agricultural productivity is crucial for formulating informed and effective policies to sustainably improve low productivity which characterises agriculture in Sub-Sahara Africa. Using a panel dataset from the ICRISAT led Tropical Legumes project III (2008-2013), we analyse the gender gap in the production of legumes in Malawi. Employing the Oaxaca-Blinder decomposition method allows decomposition of gender gap into the following: (i) the portion caused by observable differences in the factors of production (endowment effect) and (ii) the unexplained portion caused by differences in return to the same observed factors of production (structural effect). We conducted the empirical analysis separately for pigeonpea and groundnut. Our findings reveal that for groundnut cultivated plots, women are 28% less productive than men after controlling for observed factors of production; however, the gender gap estimated in the pigeonpea cultivated plots are not statistically significant. The decomposition estimates reveal that the endowment effect is more relevant than the structural effect, suggesting that access to productive inputs contributes largest to the gender gap in groundnut productivity, and if women involved had access to equal level of inputs, the gap will be reduced significantly. The variation in the findings for groundnut and pigeon plot suggests that policy orientation towards reducing gender productivity gap should be crop specific.
Introduction
Low productivity characterises the agricultural sector in sub-Saharan African (SSA) which informs major agricultural intervention programmes in this region focusing on changing the prevailing circumstance. The barriers female farm managers' face resulting in their reduced productivity compared to their male counterparts can be said to be a major contributor to low productivity in the region. Despite high-priority roles that women play in SSA agriculture, accounting for approximately 50% of the agricultural labour force involved in all levels and types of agricultural activities, several empirical studies have identified that female farmers are disadvantaged in production process and have lower yields than their male counterparts, thereby creating a productivity gap that ranges from 20 to 30% and, as such, further mitigating agricultural productivity potential in SSA. 1 According to the report of the Food and Agriculture Organization in 2011 and the World Bank in 2014, productivity potentials of African women in agriculture are constrained in several ways. First, from a political and sociocultural point of view, women perhaps have unequal access to farmland compared with men, and in case they do, they are weakened by land tenure security (Arturo et al. 2015) . Another reason is that female farmers have limited channels through which they can access productive inputs; for instance, their access to improved varieties and agricultural extension services are less compared with that of their male counterparts subjecting them to inadequate use of fertilisers, labour, seeds and other inputs needed for optimal production. Also, women membership in farmers' organisation, such as labour-saving cooperatives, producers' organisation and marketing group, is limited, thereby curtailing their access to product markets and more importantly, resource allocation potential. Finally, the gender gap in productivity, at the disadvantage of women, may also be adduced to women's dual commitments as farm managers and household managers constraining their allocative efficiency which becomes more severe with low levels of their education, when compared with their male counterparts. A reasonably genuine attempt to raise agricultural productivity in SSA is therefore contingent upon effectively reducing and or eliminating the productivity gap which exists between male and female farmers. Food and Agricultural Organization asserts in their report in 2011 that developing countries of the world have the potential of increasing their aggregate agricultural output by 2.5-4.0% provided that they are able to reduce productivity gap between male and female farmers to its least minimum.
Studies on the factors explaining productivity differences between male and female farmers across SSA are well established in the literature. For example, Kilic et al. (2015) find that female plot managers in Malawi devote less time to productive activities, as a result of high child dependency ratio, resulting to being about 25% less productive compared with their male counterparts. A similar investigation was carried out by Gbemisola et al. (2015) who further empirically establish the gender productivity gap in Nigeria by region. In the Northern region of Nigeria, women are 28% less productive with a large proportion of the gap attributed to structural/unexplained effect, while no significant gender productivity differences in the Southern part of the country. Notably from the findings of Gbemisola et al. (2015) , the gender gap in productivity within a country may differ across different regions in the country. In another empirical study conducted by Ali et al. (2016) , the difference in the yield between male and female cultivated plots was estimated to be 17.5%, also to the disadvantage of female managers in Uganda largely attributed to difficulty in accessing productive inputs, negligible households endowments, 'double-edged' childcare and farming responsibilities, and difficulty in accessing output markets. Nonetheless, all these early empirical studies are limited by the methodological approach, geographical data coverage and little attention given to the specificity of different farming enterprises. Gender gap estimates differ with different geographical locations and farming enterprises, perhaps because of different socio-economic needs and agro-economic and environmental challenges, amongst other factors . Therefore, generalising gender gap of productivity differences may not be appropriate for informed and effective sub-sectoral agricultural and gender policies. To our knowledge, only Gbemisola et al. (2015) have been able to empirically validate the gender gap in agricultural productivity by region in Nigeria; however, the study did not extend its investigation to different farming enterprises; therefore, recommendations from this study may only be applicable to regional productivity and gender policies but not sub-sectoral policies.
Our article contributes to the existing debate on the gender gap in productivity by providing evidence for productivity gap not only at the national level but also for farmers that produce two major crop legumes in Malawi, thereby proffering a better understanding of gender gap by farming enterprise. Also, we take advantage of our household panel dataset to explore the most appropriate unit of analysis for this present study-the individual plot-while also controlling for other characteristics of the plot manager with other explanatory variables. According to Doss (2001) , the use of sex of household head as gender indicator is problematic as it does not reflect the actual economic unit that makes decisions in respect to what to cultivate, with an unclear assumption that production decision within the household is solely taken by the household head. Our study differs from this unclear assumption as we base our definition of gender indicator on the notion that production decisions are mainly taken by the plot manager; therefore, we employ gender of plot managers, instead of the gender of the household head, as the gender indicator. The use of gender of plot manager was adopted by Gbemisola et al. (2015) , Kilic et al. (2015) and Arturo et al. (2015) . Regarding the analytical approach, we go beyond providing insight on the factors that explain productivity differences between male and female, conventional practice in existing studies, but also provide estimates of the relative contribution of these factors to productivity gaps between male and female-managed plots using the Oaxaca-Blinder decomposition model. The use of the model allows us to partition the mean difference in yield between male-managed plot and female-managed plot into two parts. The first part constitutes the portion that is driven by gender differences in levels of observable attributes (i.e. the endowment effect), and the second part constitutes the portion that is motivated by gender differences in return to the same set of observables (i.e. the structure effect) (Jann 2008) . By doing this, we have been able to provide estimates of the relative contribution of the different drivers of productivity differences between male and female groundnut and pigeonpea plot managers in Malawi. We are not aware of any previous study that applied this method to analyse the gender gap in the production of crop legumes in agriculture. Finally, this study is of importance to Malawian agricultural and gender policies considering the statistical joint report of the UNEP and the World Bank (2015) which reveals that women farmers in Malawi are older by over 5 years on average and also have lower levels of education as compared with male farmers, suggesting that Malawian women are approaching less economic active years with low social and human capital than men. With legumes being considered 'women's crops' by many researchers (Doss 2001; Nakazi et al. 2017; Njuki et al. 2011 ), we explore two major leguminous crops in Malawi, namely, groundnuts and pigeonpea, and by doing this, we have been able to provide a better understanding of gender gap in productivity analyses with respect to crop specificity and farm decision-making.
The presentation of the remaining sections of the papers is as follows. The "Production of legumes and gender issues in Malawi" section provides background on the production of legumes and gender issues in Malawi, while the "Data and descriptive statistics" section details the data utilised and the summary statistics of the variables used in the empirical estimation. The "Methodology" section explains the methodology used. The estimated results are reported and discussed in the "Empirical results" section. We conclude in the "Conclusion" section.
Production of legumes and gender issues in Malawi
Agriculture remains a very important sector in the Malawian economy, accounting for about one-third of overall gross domestic product (GDP) in the year 2016 and 2017 (see Fig. 1 ). Its contribution to economic growth is immense in terms of employment, export earning, livelihood support, food and nutrition security and gender equality. Poverty trends in the country are largely driven by poor productivity performance of the agricultural sector evidenced in the falling share of agriculture in the GDP. In Malawi, the majority of smallholder farmers have shifted to the cultivation of leguminous crops in the last 10 years. Groundnuts and pigeonpea are the most important crop legumes cultivated in the country.
Groundnut is the most important legume and oilseed crop in terms of total production and area under cultivation in Malawi. The average annual cultivated area for groundnuts for the period 1991-2006 (171 thousand hectares) accounted for 27% of the total legume land cultivated (ICRISAT 2013). It thrives under low rainfall and poor soil, hence requiring minimum capital investment (Hamidou et al. 2013) . Its multiple uses make it a very important food and cash crop. In Malawi, similar to many SSA countries, groundnut is predominantly grown and managed by women and considered a women's crop (Naidu et al. 1999; Orr et al. 2015) ; its cultivation, therefore, has a direct 1960 1962 1964 1966 1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 effect on overall economic, financial and nutritional well-being of women and children (Mbeiyererwa et al. 2012) . Also, it is regarded as a valuable crop, contributing tremendously to improving household food security, nutrition, soil health and fertility, while being an important source of cash income for smallholder farmers (Chiyembekeza et al. 1998 ) making up over 25% of their agricultural cash income (Dorward and Chirwa 2011) . However, due to numerous constraints, its productivity still remains low. Another very important crop legumes in Malawi is pigeonpea; it is 'dubbed' welfare crop for smallholder farmers because they can be intercropped with maize, sorghum or groundnuts without significantly reducing their yields (Kanyama-Phiri et al. 2008) . They are also drought-resistant and like other legumes improve soil fertility through nitrogen fixation and decay of fallen leaves. As a source of protein in many African and Asian countries, its immature seeds and pods are consumed as green vegetables, its leaves, stems, husks and pod wall form quality animal feed and its dried stems are a good source of fuel food (Simtowe et al. 2009 ). Malawi remains one of the largest producers of pigeonpea on the continent producing about 80,000 metric tonnes per annum and exporting about 25% of its produce (Malawi Ministry of Agriculture 2016).
In Malawi, similar to other SSA countries, women play significant roles in agricultural production and are exclusively involved in homemaking. Women labour participation in Malawian agriculture is slightly higher compared with some selected SSA countries. For example, Palacios-Lopez et al. (2017) estimated the average female labour share in crop production in Malawi to be 50%, higher than Nigeria (37%), Ethiopia (29%) and Niger (24%). This is suggestive of the importance of women in agricultural production in Malawi. A number of studies have argued that African women work longer hours than men, engaging in both domestic and economic activities. Malawian women are actively involved in agricultural value chain activities ranging from planting through to harvesting, processing and marketing. Unfortunately, they are mostly confined to work in small fields with less yield potential. This is mainly because they have limited access to productive resources compared with their male counterparts. This gap also exists in other socio-economic characteristics that affect agricultural productivity such as level of education and membership of cooperative groups. In the same vein, most African traditions, Malawi inclusive, coupled with the socio-cultural architect in most local communities restrict land rights to men, in most cases, after marriage dissolution (Fafchamps and Quisumbing 2002) , which has further widened productivity gap between men and women. Notably, in recent years, women participation in agricultural production has witnessed some changes as a result of changing sociopolitical and economic situations in most African countries (Saito et al. 1994) . In response to this, the Malawian government has put together a national gender policy in March 2015 which focuses on improving women's access to soft and hard infrastructure such as credit services, extension services, public markets and education. Similarly, the policy aims at promoting overall active participation of women in Malawian agricultural economy targeted at improving agricultural yield and in particular cereal yield. As shown in Fig. 2 , cereal yield in Malawi has lagged behind the world's cereal yield in the last five decades. In spite of the implementation of the policy, female is still by far less productive in Malawi (Kilic et al. 2015) . This may likely in part be attributed to lack of farm enterprise specificity in the 2015 National Gender Policy. In this study, we provide up-to-date evidence of the gender gap in the production of legumes in Malawi by analysing the factors that drive these differentials and provide policy recommendations that are specific to each of the two main cereal crops to bridge this gap.
Data and descriptive statistics
The empirical analysis of the study is based on a cross-section of data for three planting seasons-2008, 2010 and 2013, from the Malawian national household surveys conducted within the Tropical Legumes III (TL-III) project. The survey was conducted in the two main agricultural regions in Malawi, namely, central and southern regions. Data was collected from the two regions and 4 districts within these regions. In the central region, data was collected from Mchinji district while in the Southern region data was collected from Balaka, Chiradzulu and Thyolo districts. Thyolo, Chiradzulu and Balaka are major pigeonpea-growing areas and grow groundnut moderately while Mchinji is a major groundnut-growing area. The information collected in the survey includes household and farmer characteristics, plot characteristics, inputs and outputs used, household asset ownership and knowledge of improved crop varieties. A total of 594, 439 and 208 households were surveyed in 2008, 2010 and 2013 respectively. Following data cleaning, we arrive at 582, 423 and 149 observations from the 3 time periods generating an unbalanced panel dataset.
In Table 1 , we present the summary statistics of all the variables used in the empirical analysis which include the outcome variables (groundnut and pigeonpea yield), the relevant independent variables and the test of the mean difference between the male and female managers. The table provides the first foretaste of the gender gap that exists in the aggregate production and yield of both pigeonpea and groundnut, revealing that male managers have more aggregate production and are may be more productive than female managers. A similar gap is also observed in the plot size cultivated, with female-managed plots 14% and 19% less on average for both pigeonpea and groundnut respectively than male cultivated plots. In Fig. 3 , we present the kernel density plots of the log of the yield of pigeonpea and groundnut per acre of 1961  1963  1965  1967  1969  1971  1973  1975  1977  1979  1981  1983  1985  1987  1989  1991  1993  1995  1997  1999  2001  2003  2005  2007  2009  2011  2013  2015  2017 Cereals yield (Kg/ha)
Year Malawi World male-and female-managed plot samples which also provide evidence of gender differences in the production of legumes. The average pigeonpea plot size managed by the female is 0.95 acre, while that of the male is 1.10 acre. In the case of groundnut, on average, males manage 1.11 acre while females manage 0.90 acre. According to Gbemisola et al. (2015) , differences in productivity between male-and female-managed plots may in part be due to input use. In Table 1 , we observe a gender gap in the use of labour and non-labour productive inputs. The quantities of all nonlabour productive inputs used by male managers are larger than the female managers. Specifically, female managers use 56% less than the average quantity of manure used by the male managers, but the difference becomes insignificant after normalising for plot size. The value of fertiliser used by female managers is 65% less than that used by male managers and even when normalized by plot size, female managers still use 56% less than male managers per acre of land. Value of urea used by female managers is 32% less than the average of the pooled sample and 51% less than that used by male managers. Surprisingly, we do not observe any significant difference in the quantity of pigeonpea seeds used between the male and female manager, but we find a significant difference in the groundnuts seeds used between male and female managers. Male managers use 29.5 kg (36%) more groundnuts seeds than female managers (19.02 kg) but this difference becomes insignificant after normalising seeds used by plot size. As for labour inputs, Table 1 shows that male-managed plots use more hired and family labour than their female counterparts although the differences are not significant for all the labour input variables except for family labour days when we normalise by plot size.
Turning to the characteristics of the plot managers, female managers are slightly older than male managers; spend less time on the farm, since some of them largely engaged in processing and marketing compared with male managers. The male managers attain more years of schooling than female managers. This difference is quite significant which is in line with the 2015 United Nations report. Also, female managers have spent years more on average in the village, have more years of farming experience with pigeonpea than their male counterparts and are assigned fewer responsibilities in their communities. There are more divorced and less married female plot managers since most of the female managers are widowed. Unsurprisingly, in line with African tradition, female managers are less likely to be household heads and participate less in off-farm employment compared with male managers. Finally, female managers participate lesser in land markets in terms of renting, borrowing and land ownership.
Methodology

OLS estimation with fixed effect
Following the canonical approach in the literature for examining the existence and magnitude of the gender gap in productivity, we construct a yield function framework which models the quantity of output per acre as a function of the gender of the plot manager and other factors that affect production. 2 We employ this approach because it can be used to determine if any other factors can explain the gender productivity gap other than the gender indicator. In deciding the gender indicator, we explore the provision from our dataset that contains the gender of the plot manager rather than the gender of the household head who may have less decision-making influence on the plot. Conventionally, a simple yield function according to Udry et al. (1995) is presented in Eq. (1) below.
where Y ab is the natural logarithm of value of yield of plot a under manager b; θ is the unknown constant; G ab is a dummy variable capturing the gender of the manager of plot a; Z ab contains vectors of covariates other than gender including the plot manager's characteristics (age, education, marital status), plot characteristics (distance to market, waterlogging on plot), cropping strategies (irrigation, use of improved seeds) and set of labour and non-labour inputs used on the plot (hired oxen, hired labour, seeds, fertilisers, manure); δ b is a fixed effect that captures all time-invariant characteristics of the manager b; and μ ab is the stochastic error term. In recent empirical studies, the model is extended to include longitudinal data and fixed effects. The specification in Eq.
(1) is for cross-sectional dataset. The use of panel data helps to control for unobserved heterogeneity. Based on the aforementioned and our panel dataset, we estimate Eq. (2).
where Y abt is the natural logarithm of value of yield of plot a under manager b during season t; G abt is a dummy variable capturing the gender of the manager of plot a during season t; Z abt contains vectors of covariates other than gender for plot a in season t which includes the plot manager's characteristics (age, education, marital status), plot characteristics (distance to market, waterlogging on plot), cropping strategies (irrigation, use of improved seeds) and set of labour and non-labour inputs used on the plot (hired oxen, hired labour, seeds, fertilisers, manure); δ b is a fixed effect that captures all time-invariant characteristics of the manager b; ω et is a fixed effect that captures all time-variant characteristics of the regions e in season t; and μ abt is the stochastic error term. In the analysis, we include the season (time) fixed effect to account for seasonspecific error that may arise from the systemic shock. The purpose of the model in Eq. (2) is to test the hypothesis that yield of the plots that are managed by the female is not significantly different from the yield of the plots that are managed by the male (β = 0).
Our estimation is in six steps using a progressive approach. The first step (naïve regression) considers only the gender of the plot manager as only the independent variable. In the next steps, more control variables are included. The characteristics of the plot managers are included in the second step, plot characteristics and plot size in the third step, cropping strategies adopted in the fourth step, labour inputs used in the fifth step and non-labour inputs used in the sixth which is the final step. We decided to run our analysis in this way, following Gbemisola et al. (2015) , with the motivation that the approach is able to answer the question of 'if' and 'how' each of the set of covariates affects the gender productivity gap.
Oaxaca-Blinder decomposition approach
The OLS-fixed effect analysis presented in the previous section is able to examine the factors that influence productivity gap that exists between the plots managed by male and those by the female; however, the approach does not help us understand the relative contribution of these factors to the productivity gap. To help achieve this objective by highlighting the relative importance of these factors on productivity gap, we follow the decomposition approach employed in the studies of Kilic et al. (2015) , Gbemisola et al. (2015) and Arturo et al. (2015) by using the Oaxaca-Blinder approach, a standard decomposition technique in gender and labour wage studies (Arturo et al. 2015) . This decomposition approach requires a set of assumptions, and it follows a partial equilibrium approach, in which the observable outcomes of a particular group can be employed to construct various counterfactual situations for the other group (Fortin et al. 2010) . Although decompositions are relevant for estimating the relative contribution of different factors to a difference in the outcome across the group, they are based on correlation and therefore cannot be interpreted as causal inference (Fortin et al. 2010) . The starting point of the Oaxaca-Blinder approach is modelling the expected value of yield on gender of plot manager (either male (m) or female (f)) as presented in Eq. (3).
where g is the gender of the plot manager (m) or (f), X is a vector of all explanatory variables, α is the intercept and β is the vector of slope coefficients. Following Eq. (3), the gender gap G, which is the mean difference in the outcome between male and female-managed plot, is now expressed as:
The difference in Eq. (4) can be categorised in two parts by including nondiscriminatory coefficients which will be used to determine the contribution of the differences in predictors (Jann 2008) . This results in a 'twofold' decomposition:
The first part (Q) of Eq. (5) is the part which accounts for differences in the endowment of explanatory variables (evaluated at the mean of the estimated coefficients for the male and female samples) (Arturo et al. 2015) and is referred to as the 'explained' or 'endowment' effect. It is estimated as:
where β * is the vector of non-discriminatory coefficients. The second part of Eq. (5), U, is referred to as the 'unexplained' or 'structural' effect, reflects the differences in returns to the endowment for female and male plot managers. It is estimated as:
This equation can be further divided into two parts. One part which estimates the structural advantage (discrimination in favour) of one group:
And another part which estimates the structural disadvantage (discrimination) against the other group:
The aggregate contribution of endowments (Eq. 6) is 'equal to the difference between the raw productivity gap and the remaining gap once all characteristics in the decomposition are accounted for. This term can be interpreted as the change in the value of output that would occur if female plot managers had the same values of X as male plot managers. The aggregate unexplained contribution (Eq. 7) is equal to the remaining gap once all characteristics in the decomposition are accounted for' (Ali et al. 2016 ). The sum of these terms can be interpreted as the change in the value of output from the female-managed plot that would occur if men and women had the same returns to the coefficient vector X. Decomposition results should not be interpreted as a causal effect but can show how each variable contributes to the gender gap. Explained and endowment effect will be used interchangeably from here on as they mean the same thing. Also, the structural and unexplained effect will also be used interchangeably for a similar reason.
Empirical results
In this section, we present the results of our empirical analysis. First, we report the estimates from the OLS-fixed effect model employed to examine the factors determining the yield gap between male-and female-managed plots. We then proceed to present the results of the Oaxaca-Blinder decomposition which reveals the relative contribution of these factors to the productivity gap.
OLS estimation with fixed effect results for groundnut plot
The result of the naïve regression in step (1) column of Table 2 shows that in the absence of control variables, the conditional gender gap between male-and femalemanaged plots is 24.8% and is statistically significant at 5%. However, as more control variables are added, the statistical significance of the conditional gender gap disappears as seen in step (5) and step (6). In step 2, the level of education has a significantly negative effect on productivity, but this disappears in subsequent steps when more control variables are added. Also, the number of months the farmer has spent on the farm and responsibility in the community both have a significantly positive effect on productivity, and this positive effect persists even after other control variables have been added. In step (3), plot size has a negatively significant effect on productivity, suggesting that yield from the plot reduces as plot size increases. This opposite relationship between farm size and productivity is in line with findings of previous studies (Arturo et al. 2015; Gbemisola et al. 2015) . In step 4, none of the cropping strategies considered (irrigation and use of improved seeds) has a significant effect on productivity. In step (5), the use of groundnut improved seeds becomes significantly positive, and this effect remains in the step (6) as well. This follows the regular highly significant and positive relationship between adoption of improved agricultural technologies and productivity outcomes established in other studies (for example, Ogunniyi et al. (2017) and Ogunniyi et al. (2018) ). Hired oxen have a significantly positive effect on productivity and sustain this positive significant effect in the final step. In step 6, the quantity of seed used per acre has a significantly positive effect on productivity and is the only non-labour input variable that has a significant effect. In columns (7) and (8), we separately report the results of female-managed plot sample and that of the male-managed plot sample which explains the factors that affect the productivity of male-managed plot and female-managed plots disjointedly. The number of months spent on the farm, responsibility in the community and quantity of seed used have a significantly positive effect while plot size has a significantly negative effect on the productivity of both male and female-managed plots. Additionally, for the male-managed plot, we find that age, use of improved groundnut seed, fertiliser used and hired oxen used have significantly positive effects on the productivity of male farmers. It is important to note that maize was the main crop on the plots.
OLS estimation with fixed effect results for pigeonpea plot
Empirical results from estimating the factors that explain the differences between the productivity of male and female-managed pigeonpea plots are presented in Table 3 . Starting with the naïve regression in step (1), the gender gap between male-and femalemanaged plots in the absence of any control variables is 21.9%, which is significant. Similar gender gaps are reported in the studies of Gbemisola et al. (2015) and Ali et al. (2016) . The gap and the statistical significance diminish as more control variables are added similar to groundnut plots. In step 2, the number of months the farmer spent on the farm and responsibility in the community have a significantly positive effect on productivity respectively. In step 3, the distance to the nearest main market and distance to farmer's collection centre have significant positive effects while plot size has a significant negative effect on productivity as in groundnut plot. In step 4, the cropping 
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Step (1) Step (2) Step (3) Step (4) Step (5) Step (6) Step (7) Step ( strategies have no significant effect on productivity. In step 5, hired oxen have a positive significant effect on productivity and in step 6, the quantity of manure and the quantity of seed used per acre both have significant positive effects on productivity. As in groundnut plot, the number of months spent on the farm, responsibility in the community and the quantity of seed used are positively significant to the productivity of the female-managed plot while plot size has a significantly negative effect on productivity. For the productivity of the male-managed plot as presented in column 8, the quantity of manure and seed used have a significantly positive effect on productivity. This finding is in line with Quisumbing (1996) and Gbemisola et al. (2015) .
Results of the Oaxaca decomposition by gender of groundnut plot manager
The estimates in Table 4 are in three parts. The first part (A) presents the mean gender differential results which show that the observed mean gender gap of approximately 28%, at the disadvantaged of female-managed groundnut plots. It implies that male plot managers are 28% significantly more productive than female plot managers. The second part (B) reports the aggregate decomposition components which constitute the endowment effect, which defines that part of the gender gap due to the differences in average characteristics as in Eq. (6). The second part also reports the male structural advantage and the female structural disadvantage. Based on the estimates in Table 4 , 21.3% of the observed mean gender gap is accounted for by the endowment effect which is statistically significant and explains 76% of the mean gender differential while 6.7% of this difference is the structural/unexplained (portion due to differences in returns) effect. Gender disparity is driven more by the endowment than the structural effect. Similar findings are reported by Gbemisola et al. (2015) , Ali et al. (2016) and Kilic et al. (2015) .
In part C-the detailed decomposition-in Table 4 , we capture how much each factor contributes to or reduces the disparity. Positive coefficient widens the gap while a negative coefficient reduces the gap. For the explained gender gap which accounts for most of the disparity, the factors which contribute significantly to widening it are age, responsibility in the community and marital status. The summary statistics reported in Table 1 shows that female farmers tend to be older than male farmers, and the estimates in Table 2 show that age makes a significant positive contribution to the productivity of male-managed plot. For marital status, Table 1 indicates that male farmers are more likely to be married and female farmers are 86% more likely to be widows; this could have a relationship with age as widows tend to be older and from the estimates in Table 2 . We observe that being married makes a significant positive contribution to the productivity of male-managed Standard errors in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1; regional and time fixed effect included Is there any gender gap in the production of legumes in Malawi?... plot. Although having a responsibility in contributing to higher returns in the productivity of female-managed plot as reported in Table 3 , we observe from Table 1 that female farmers are 49% less likely to have responsibilities in the community. Only the number of months spent on the farm in the last 12 months reduces the gender gap significantly, and Table 1 indicates that male and female farmers spent about the same amount of months on the farm, while Table 4 indicates that this factor contributes about the same returns to productivity for male-and female-managed plot.
Considering the unexplained part of the gender gap, we still observe that age and marital status significantly widening the gender gap. Other factors which widen the gender gap are plot ownership, fertiliser used and occupation. Table 1 shows that male farmers use 11% more fertiliser/acre and 40% more fertiliser overall than female farmers, and this makes a significant contribution to the productivity of malemanaged plot as in Table 4 . Finally, we find that distance to agricultural field officer reduces the unexplained gap.
Results of the Oaxaca decomposition by gender of pigeonpea plot manager
In Table 5 , we present the Oaxaca decomposition estimates for the differential in log values of pigeonpea output per hectare between plot managed by male and plot managed by a female. The results show that the gender gap is 29% in favour of the male managers, suggesting that pigeonpea plot managed by a male is more productive than female-managed plot, although not statistically significant. We also find that 21.6% (not statistically significant) of this difference is accounted for by the endowment effect which explains 74% of the mean gender differential, while 7.5% of this difference is the structural (unexplained) effect. Similar to the groundnut plot, the gender differences are also driven by endowment effect.
Turning to the detailed decomposition in part C of Table 5 , the estimates indicate that the only factor which widens the explained gender gap is the responsibility in the community, and there are no statistically significant factors that reduce the gap. Moving on to the unexplained gender gap, education, marital status, distance to the nearest main market and plot ownership have significantly positive effects on its increase. The summary statistics in Table 1 indicates that female farmers are 27% less educated than male farmers. Factors that significantly decrease the gap are age and distance to agricultural field officer. Table 4 shows that even though not significant, both factors have a negative effect on the productivity of male pigeonpea farmers in Malawi with distance to agricultural field officer having a significant positive effect on the productivity of the female-managed plot. Standard errors in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1; regional and time fixed effect included Is there any gender gap in the production of legumes in Malawi?...
Conclusion
In this paper, we study the productivity differences amongst male and female plot managers as well as factors that contribute to these differences in Malawi as part of ICRISAT's tropical legume project. Considering the importance of legumes in Malawian agricultural production and differences in production processes and ecological requirements of different leguminous crops, especially the two main legumes in Malawi, namely-groundnut and pigeonpea, we provided analysis for these two crops separately. Using panel data from the TL-III project, we controlled for unobserved heterogeneity by including time and regional fixed effects in our analysis. Our empirical findings show that there is statistically significant productivity gap of 28% between female and male groundnut plot managers in Malawi. We also find that the endowment effect (explained portion) accounted for about 76% of this gap, much more than the structural effect (unexplained portion), suggesting that access to productive input is responsible for the largest proportion of this gap. Similar results were reported by Kilic et al. (2015) with female-managed plots found to be less productive (25%) than malemanaged plots with 82% of this gap accounted for by the endowment effect. The implication of this is that if female groundnut plot managers had equal access to productive inputs as their male counterparts, the gap would be reduced. With regard to the endowment effects, the analysis suggests that age of plot managers, number of months spent on the farm in the last 12 months, marital status and responsibility in the community are the most important factors. These findings are of policy importance in a number of ways especially in achieving equity and inclusive development through women empowerment. First, given the relevance of age of groundnut plot managers, a proxy for economic activeness of women, programmes in Malawi that are targeted at encouraging younger female farmers to get involved in agriculture, should be put in place. Second, given the contribution of responsibility of women in the community to the gap in groundnut productivity which reflects the social capital of women in the communities, Malawian gender and agricultural programmes should prioritise interventions that will encourage women to participate in community activities. For example, establishing and encouraging women to join and participate in a cooperative organisation can be useful for the acquisition of productive inputs. To effectively put these in place, it is germane to implement effective agricultural extension programmes (Adebayo et al. 2018) .
For pigeonpea, our estimates revealed that there is no statistically significant productivity gap between male-and female-managed plots. Although the gap observed is not statistically significant, our decomposition estimates revealed that the endowment effect is more important than the structural effect, suggesting that provision of inputs may be instrumental in improving pigeonpea yield of female farmers. The insignificance productivity gap amongst pigeonpea farmers may likely be attributed to two main reasons. First, the introduction of several seed schemes, such as seed revolving fund scheme and the Malawian Christian Aid Pigeonpea Project, has provided access to seeds for all pigeonpea farmers whether male or female. This is evidenced in our study as there is no a significance difference between pigeonpea seeds used per acre between female-managed and femalemanaged plots. Similarly, Kilic et al. (2015) asserted access to seeds to be one of the most important reason. On this basis, prospective improved pigeonpea seed program in Malawi should prioritise female farmers during dissemination. Second, anecdotal evidence, which has been recently supported by Nakazi et al. (2017) , has peas that are 'women crops' and less cultivated by male, suggesting that women may not be disadvantaged in terms of access to productive inputs because women face less discrimination in the production process of pigeonpea in Malawi.
Finally, the findings of this study provide empirical support for the proposition that the productivity gap between male and female farmers differs by different crops. While this paper found that there are about 28% gender gap in groundnut productivity and no significant gender gap in pigeonpea and a 25% gender gap in maize productivity according to Kilic et al. (2015) , it is safe to suggest that policy direction towards improving productivity of female farmers in Malawi should be farming enterprise-specific. Our
